Using an enzyme-linked immunosorbent assay we demonstrate that, in adult patients with typhoid fever, the sensitivity of a serological test based on the detection of anti-lipopolysaccharide immunoglobulin G is increased when used with paired serum samples taken 1 week apart.
Salmonella enterica subsp. enterica serovar Typhi is the causative agent of typhoid fever, a febrile, systemic illness common in regions of the world where sanitation is poor. Most patients with typhoid fever have a relatively mild disease, with fever, abdominal pain or discomfort, muscle and/or joint pain, and headache being among the most common symptoms. Some typhoid patients develop complications, the most severe of which is gastrointestinal hemorrhage and perforation. A prompt diagnosis of typhoid fever is essential if a patient is to receive appropriate antimicrobial therapy. The definitive laboratory diagnosis of typhoid fever is the isolation of serovar Typhi from a clinical specimen, although the Widal test, which detects raised TO (lipopolysaccharide O antigen [LPS] ) and/or TH (flagella H antigen) antibody titers, is commonly used in areas where microbiological culture facilities are not available. In its original form, the Widal test required two serum samples (acute and convalescent), with a fourfold rise in serum anti-LPS (TO) or anti-flagella (TH) agglutinating antibody titer between the two samples being diagnostic of typhoid fever (1, 8, 12) . More commonly, the test is used on a single, acutephase serum sample (14) , although several studies have reported that, when used in this way, the test lacks sensitivity and/or specificity in regions where typhoid is endemic (6, 13) . This is presumably because not all individuals exposed to serovar Typhi develop a detectable agglutinating antibody response (3) and because elevated Widal TO and TH titers can be common in healthy subjects living in regions where typhoid is endemic (4, 9) and can be raised in patients infected with non-Typhi salmonellae (12, 15) . There have been several studies, using enzyme-linked immunosorbent assays (ELISAs), which have attempted to identify an antibody-antigen combination that could form the basis of an alternative serological test to the Widal. These have largely looked for specific classes of anti-LPS antibodies in a single, acute-phase serum sample. Although these assays can have a higher sensitivity and/or specificity than the Widal TO test, none are entirely satisfactory (2, 6, 7, 10, 15) . We have reported on the potential use of specific classes of serum antibodies against serovar Typhi LPS and flagella for the diagnosis of typhoid fever in a region where typhoid is endemic (7). In our previous study, we evaluated our assays using single, acute-phase serum samples; here we show that the sensitivity of a test based on the detection of anti-LPS immunoglobulin G (IgG) antibodies can be improved by using paired serum samples taken 6 days apart.
Sequential serum samples were collected from 52 adult patients with bacteriologically confirmed typhoid fever being enrolled into a treatment study at the Centre for Tropical Diseases, Ho Chi Minh City, Vietnam (5). The study was approved by the Scientific and Ethical Committee of the hospital, and informed consent was obtained from all participants. The median (interquartile range; range) age and duration of illness (length of fever prior to admission) were 24 (19 to 32; 15 to 47) years and 10 (8 to 14; 2 to 30) days, respectively. Serum samples were collected before the start of (day 1) and during (days 4 and 7) treatment, and anti-LPS and anti-flagella IgG titers were determined by ELISA as reported previously (7) . Sera were assayed in triplicate (two wells with antigen and one well without antigen), and the titer was taken as the highest dilution giving a net optical density (OD) (mean OD of wells with antigen minus OD of well without antigen) of Ն0.3. A standard serum sample with a known titer was included on each plate and the titer of the samples adjusted accordingly. Blank wells with no sera were included on all plates. The sensitivities of the diagnostic tests were calculated using the following formula: sensitivity ϭ ELISA positive/total number of patients.
Previously we found that an anti-LPS IgG titer of Ն1/3,200 had a sensitivity (95% confidence interval [95% CI]) of 0.55 (0.43 to 0.67) and a specificity (95% CI) of 0.95 (0.89 to 1.00) (7). In the present study, an anti-LPS IgG titer of Ն1/3,200 was seen in only 19 of 52 sera taken on day 1 before treatment; however, this number had risen to 41 of 51 by day 7 of treatment. Thus, the sensitivity (95% CI) of the LPS IgG ELISA was 0.36 (0.23 to 0.49) on admission and 0.80 (0.69 to 0.91) on day 7. Of the 33 patients with a negative test (i.e., titer of Ͻ1/3,200) on day 1, a fourfold rise in titer between the first and the third serum sample was observed for 27 (81%). Thus, the sensitivity of the test would be 0.88 if a fourfold rise in titer was taken as diagnostic in patients who were negative at admission. The sensitivity of the flagella IgG ELISA did not increase over the study period (sensitivity of 0.24 on day 1 and 0.29 on day 7, using a titer of Ն1/800) (Fig. 1b) . A fourfold rise in titer between the first and third serum sample was seen in only 5 of 42 patients (12%) with a day 1 titer of Ͻ1/3,200.
Previous studies (7, 11, 13) have shown that serological tests for typhoid fever lack sensitivity and/or specificity when used on a single, acute-phase serum sample. In this study, we demonstrate that the sensitivity of a diagnostic test based on the detection of serum IgG antibodies against the LPS antigen can be improved when used with two serum samples taken ϳ1 week apart. We selected a titer of Ͼ1/3,200 as being diagnostic of typhoid fever, as we have previously shown that this gives a test with a high specificity (0.95) (7). Olsen et al. (11) found that the sensitivities of several serological tests for typhoid fever were higher for patients in the second week of illness than for those in the first or the third week. Two of these tests, TUBEX and the Widal, detect anti-LPS (O9) IgM, suggesting that titers of these antibodies decline later in the illness. In our study, the majority of patients (75%) had been ill for at least 8 days on admission to the study, i.e., were in the second week of illness. Even so, we were able to detect a rising anti-LPS IgG titer 1 week later, suggesting that this response may be elicited later in the disease. Taken together, our data and those of Olsen et al. suggest that different antibody-antigen combinations may be required at different stages of the disease for the optimal serodiagnosis of typhoid fever. A test based on paired serum samples may prove useful under certain circumstances, for example, in patients where typhoid fever is strongly suspected but whose admission titer is low and blood culture is either negative or not available, or for epidemiological studies.
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FIG. 1. Serum anti-LPS IgG (a) and anti-flagella IgG (b) titers for adult patients with nonsevere typhoid fever. Samples were collected immediately before (day 1), during (day 4), and after (day 7) treatment. Points below the dashed line indicate a titer of Ͻ1/50. The median titer for each day is shown by a solid, black horizontal line.
